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Supplementary Table 1. Comparison of the jumping performance, the photothermal temperature

of different polypyrrole (PPy) derivatives/polyvinyl alcohol (PVA) based jumpers and the energy

gap of substituted PPy.
Energy gap
Jumping height Photothermal of substituted

Jumper Monomer temperature
(cm) CC) PPy
(eV)
PPy/PVA Pyrrole 62 137.4 1.22
Me-PPy/PVA 1-Methylpyrrole 72.8 164.3 1.05

1H-Pyrrole-3-

CHO-PPy/PVA carbaldehyde 51.3 107.4 1.30
Ph-PPy/PVA 1-Phenylpyrrole 57.6 121.1 1.28
CN-PPy/pvA  H-Pyrrole-2- 0 43 2.22

carbonitrile

NO2-PPy/PVA 3-Nitropyrrole 0 85 1.96




Supplementary Figures:

Supplementary Figure 1. (a,b) The scanning electron microscope (SEM) image showing the Me-

PPy nanoparticles.
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Supplementary Figure 2. (a-f) Schematic illustrating the preparation of the Me-PPy/PVA

solution.
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Supplementary Figure 3. (a) Top and (b) side view optical images showing the jumper consisting

of Me-PPy/PVA composite.
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Supplementary Figure 5. The scanning electron microscope (SEM) image showing the

morphology of the area other than the micropores on the surface of the light-driven jumper.



Supplementary Figure 6. The atomic force microscopy (AFM) image showing the morphology

of the area other than the micropores on the surface of the light-driven jumper.



Supplementary Figure 7. (a) SEM image and the corresponding energy-dispersive X-ray (EDX)
analysis of (b) carbon, (c) nitrogen, and (d) oxygen elements on the surface of the light-driven

jumper.
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Supplementary Figure 8. Fourier transform infrared spectroscopy (FTIR) measurement of (a)

PVA, (b) Me-PPy and (C) the Me-PPy/PVA composite.
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Supplementary Figure 9. The ultraviolet visible near-infrared (UV-Vis-NIR) spectra of the Me-

PPy/PV A composite (black curve) and PVA (red curve).
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Supplementary Figure 10. The water contact angle on the surface of the Me-PPy/PV A composite

film with micropores.
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Supplementary Figure 11. The water contact angle on the surface of the Me-PPy/PVA composite

film without micropores.



Supplementary Figure 12. CCD image illustrating a water droplet on a vertically aligned Me-

PPy/PVA composite film. The droplet does not slide or roll off.



Supplementary Figure 13. CCD image showing the water droplet on the surface of the Me-
PPy/PVA composite film. The partial wetting of the micropores indicates the surface wetting state

between the Wenzel and Cassie states.
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Supplementary Figure 14. Tensile stress-strain curves of the Me-PPy/PVA composite film (red

curve) and the crosslinked PVA film (black curve). Inset: Schematic illustration showing the

tensile test.
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Supplementary Figure 15. (a-c) A series of images recorded by high-speed camera showing the
water surface jumping motion of the light-driven jumper. These images are captured from

Supplementary Movie 1.
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Supplementary Figure 16. (a) Comparison of the water surface jumping height and take-off
velocity between the light-driven jumper in the current study and the biological counterparts

reported in the literatures. (b) Magnified view of the blue dotted rectangle shown in (a)'~.
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Supplementary Figure 17. Comparison of (a) the response time, (b) the take-off velocity, and

(c) the jumping height of light-driven jumpers with and without surface micropores.
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Supplementary Figure 18. High-speed camera images of (a) Me-PPy/Gelatin and (b) Me-

PPy/HPC based jumpers, showing obvious deformation during the jumping process.
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Supplementary Figure 19. Comparison of (a) the jumping height, (b) the take-off velocity, and
(c) the response time of different light-driven jumpers consisting Me-PPy/PVA, Me-PPy/Gelatin

and Me-PPy/HPC, respectively. Error bars represent standard deviations.
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Supplementary Figure 20. The simulated curve showing the bubble pressure applied on the light-

driven jumper as a function of time.
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Supplementary Figure 21. (a) Top and (b) side view diagrams of the simulation model which
show the position of the pressure measuring point. Note that 11 measuring points are set

equidistantly from each other with 6 on the plate and 5 off the plate.
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Supplementary Figure 22. The simulated pressure at 11 pressure measurement points shown in
Supplementary Figure 21 at the moment of bubble bursting (black dots) and the fitted decay curve

(the red curve).
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Supplementary Figure 23. The thermogravimetric analysis (TGA) curve of the Me-PPy/PVA

composite.



Supplementary Figure 24. Optical microscopic images showing the surface morphology of the
light-driven jumper (a) before and (b) after the light actuation. There are negligible changes in the

surface morphology.
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Supplementary Figure 25. The jumping performance of the Me-PPy/PVA based jumper upon

the repetitive light actuation.
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Supplementary Figure 26. The influence of the molecular weight of Me-PPy on (a) the response
time, (b) the take-off velocity and (c) the jumping height of the light-driven Me-PPy/PVA based

jumper. Error bars denote the standard deviation.
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Supplementary Figure 27. (a) Energy gap and (b) the photothermal temperature of Me-PPy with

Molecular weight of Me-PPy

different molecular weight.
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Supplementary Figure 28. The effect of the Me-PPy content on (a) the response time, (b) the

take-off velocity and (c) the jumping height of the light-driven jumper. Error bars denote the

standard deviation.
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Supplementary Figure 29. The influence of the Me-PPy content on the ultimate strength and the

Young’s modulus of the light-driven jumper.
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Supplementary Figure 30. The high-speed camera images showing the shape of the Me-
PPy/PVA jumper with (a) 18.5% and (b) 22% Me-PPy contents during the water surface jumping

process. The jumper with 22% Me-PPy content shows obvious deformation.
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Supplementary Figure 31. The influence of the thickness of the light-driven jumper on (a) the
response time, (b) the take-off velocity and (c) the jumping height of the light-driven jumper. Error

bars denote the standard deviation.
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Supplementary Figure 32. The effect of the size of the light-driven jumper on (a) the response
time, (b) the take-off velocity and (c) the jumping height of the light-driven jumper. Error bars

denote the standard deviation.
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Supplementary Figure 33. The influence of the surface pore size on (a) the response time, (b) the
take-off velocity and (c) the jumping height of the light-driven jumper. Error bars denote the

standard deviation.
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Supplementary Figure 34. (a-c) The micropore size distributions of the light-driven jumpers with

average pore diameters of 32 um, 64 um, and 102.8 um, respectively.
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Supplementary Figure 35. CCD images showing the water contact angles on the surface of the

light-driven jumper with surface pore size of (a) 32 um, (b) 64 um, and (c) 102.8 um, respectively.



a 06 b C 80

—_ w15 -] —_ ]

[73] = - £ %

£ - E @ Seol -

04} Troea ; =

] : =

g ' FlEr 5 :

P $ ’ 2y

® 0.2} > . ]

& £ s5f - o :

o o 8 '2.20 :

7] : [0} a £

&0_0,0,,,,0,,,,‘, G - 3 ‘
‘ . ; . ; . | FOofeee ‘ . ‘ Ofo-o-o . . .
02 04 06 08 10 12 14 02 04 06 08 10 12 14 02 04 06 08 10 12 14

Light intensity (W/cm?) Light intensity (W/em?) Light intensity (W/cm?)

Supplementary Figure 36. The effect of the irradiation light intensity on (a) the response time,
(b) the take-off velocity and (c) the jumping height of the light-driven jumper. Error bars denote

the standard deviation.
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Supplementary Figure 37. Schematic showing (a) the offset distance of the illumination spot
from the jumper’s center and (b) the take-off angle of the ( @ ) jumper. (c) The effect of the distance

between the illumination position and the center of the light-driven jumper on the take-off angle.

Error bars represent standard deviations.



Supplementary Figure 38. (a) Schematic illustration and (b) overlaid CCD images showing the
water-surface jumping behavior of the light-driven jumper under top illumination, with the red
curve denoting the jumping trajectory and red dashed circles marking its positions at different

periods of time (~0.017 s).



Supplementary Figure 39. CCD image showing the size of the light spot relative to that of the

artificial water strider.
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Supplementary Figure 40. The influence of the weight of the artificial water strider on its jumping

height. Error bars denote the standard deviation.
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Supplementary Figure 41. (a-d) Schematics illustrating the fabrication process of the hybrid

light-driven jumper by coating the shell of a water flea with the Me-PPy/PVA composite.
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Supplementary Figure 42. The influence of the weight of the hybrid jumper on the jumping

height. Error bars denote the standard deviation.
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Supplementary Figure 43. (a) CCD image showing the light-driven jumper integrated with a

colorimetric temperature sensor. (b) Color changes of the temperature sensor at different

temperatures.
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Supplementary Figure 44. CCD images showing light-driven jumpers integrated with (a)
colorimetric pH and (b) water hardness sensors, respectively. Color changes of (¢) the pH and (d)

water hardness sensors at different pH and water hardness, respectively.



u
m e

Supplementary Figure 45. CCD images of the light-driven jumper integrated with (a) the

colorimetric pH or (b) water hardness sensor, showing the color changes 5 min after reaching the

target water region.



Supplementary Figure 46. CCD image showing the experimental setup for the collective water
environment sensing. The four areas (from 1 to 4) represent acidic, high-hardness, basic, and low-

hardness water environments, respectively.
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Supplementary Movies

Supplementary Movie 1.
The water surface jumping behavior of the light-driven jumper captured by the high-speed camera.

Supplementary Movie 2.
The jumping motion of the light-driven jumper with a jumping height of 72.8 cm.

Supplementary Movie 3.
The bubble formation, growth and burst processes captured by high-speed camera.

Supplementary Movie 4.
The light-driven jumper jumping to the right.

Supplementary Movie 5.
The light-driven jumper jumping to the left.

Supplementary Movie 6.
The water surface jumping motion of the artificial water strider.

Supplementary Movie 7
Water surface jumping motion of the hybrid light-driven jumper.



